Introduction {#s0010}
============

Trauma to the extremities represents one of the most common injury patterns encountered by both civilian and military orthoplastic teams.[@bib0010] In both instances, a multidisciplinary team (MDT) approach is warranted to achieve optimal outcomes for patients in the form of a stable, painless limb capable of supporting the functional aspirations of patients. Collectively, open extremity fractures signify high-energy transfer, which carry a significant risk of limb loss or dysfunction. However, the differences in the incidence, nature and severity of extremity trauma between military and civilian settings must be considered.

In the military setting, the advent of improvised explosive devices has altered the pattern of injuries seen in both mounted and dismounted personnel. The complexity of resultant extremity injuries and the need to optimise functionality has seen an increasing role for plastic surgeons in military trauma teams, with plastic surgeons involved in 40% of all surgical cases in the Afghanistan conflict.[@bib0015] Injuries to the upper and lower extremity form a significant part of the military plastic surgeon\'s caseload, accounting for 64% and 40% of all cases, respectively.[@bib0010], [@bib0015], [@bib0020] The vast majority of long bone fractures sustained in the military setting are open (82%),[@bib0020] with high velocity and penetrating mechanisms producing an outside to inside pattern of extremity trauma, implicating multiple functional components.

In the civilian setting, significant extremity injury has been reported in 58.6% of patients admitted following major trauma.[@bib0025] Civilian extremity trauma is often blunt in nature, most commonly occurring because of falls, industry-related accidents and road traffic collisions. Regional epidemiological studies demonstrate the incidence of open fractures to be 11.5 per 100,000 individuals, with an estimated 3.3% of all upper limb and 3.7% of all lower limb fractures open at the time of presentation.[@bib0030] Anatomical variation exists, with reports of up to 21% of tibial fractures presenting as open, largely due to the paucity of soft tissue covering the anteromedial border of the tibia.[@bib0035]

In both military and civilian domains, direct communication between fracture and external environment carries high morbidity, with increased incidence of fracture non-union, soft tissue infection and osteomyelitis in open fractures compared to closed counterparts.[@bib0040], [@bib0045], [@bib0050], [@bib0055] The correlation between infection risk and degree of soft tissue injury is well documented, with reports demonstrating 27--77% of type III open tibia fractures ending up with deep wound infection.[@bib0060], [@bib0065] The debilitating sequelae of open fractures carries significant physical, psychological and social burden for those concerned. Early transfer to Level 1 Trauma Centres followed by prompt debridement and reconstruction by orthoplastic specialists can improve the overall functional outcome.[@bib0070]

The extent of primary wound contamination is dependent on the mechanism of injury and the environment in which the injury was sustained.[@bib0075] However, primary colonisation rates for such injuries are high regardless of aetiology, with reported rates reaching 70--80%.[@bib0080], [@bib0085], [@bib0090] The degree of primary contamination is associated with delayed presentation to appropriate healthcare facilities. Scarred and oedematous soft tissues present significant challenges to reconstructive trauma surgeons following delayed presentation of injuries, principally through difficulties in the delineation of anatomical tissue planes.[@bib0095]

Overseas evacuation of extremity trauma from areas of conflict adds another layer of complexity. Inadequate soft tissue and/or bony stabilisation is commonplace because of lack of resources and expertise in the management of extremity trauma, producing a clinical picture akin to combat-related extremity injuries with heavy contamination, often with multidrug-resistant organisms.[@bib0100] The combination of challenging injuries, delayed presentation to appropriate services and complex microbiology necessitate a distinct management approach, separate from what is currently implemented following acute presentation of civilian trauma to specialist centres with established orthoplastic services. The purpose of this study was to analyse patients with open extremity injuries transferred from overseas to our institution (Imperial College Healthcare NHS Trust) following both civilian and combat-related injuries over a 5-year period from January 2011 and January 2016 and determine the surgical and microbiological themes.

Methods {#s0015}
=======

Patients treated within the Department of Plastic & Reconstructive Surgery at Imperial College Healthcare NHS trust following an injury sustained overseas between January 2011 and November 2015 were identified through a departmental database, designed and maintained by one of the co-investigators (JS). Medical health records and operative notes were retrospectively reviewed for demographics, country of referral, mechanism of injury, presenting microbiology, and soft tissue and bony management alongside frequency and duration of antimicrobial therapy. This study was approved by the local audit department.

Patients, both adult and paediatric, who sustained open extremity fractures secondary to traumatic injury outside the United Kingdom were eligible for study inclusion. All patients had initial surgical treatment in the country of injury, with variation in bone and soft tissue management. Patients were subsequently transferred to our department at a variable time point following initial injury. ([Figure 1](#f0010){ref-type="fig"}, [Figure 2](#f0015){ref-type="fig"}, [Figure 3](#f0020){ref-type="fig"}, [Figure 4](#f0025){ref-type="fig"})Figure 1Clinical photograph demonstrating deep wound infection of a Gustilo-Anderson grade III tibial fracture following delayed presentation from overseas.Figure 1Figure 2Overall microbial profile.Figure 2Figure 3Duration of antimicrobial treatment stratified by treatment group.Figure 3Figure 4Microbial profiles on initial sampling of patients who underwent A) Amputation, B) Complex reconstruction and C) Simple reconstruction.Figure 4

Treatment algorithm {#s0020}
-------------------

The decision to pursue limb salvage versus amputation was made after thorough multidisciplinary assessment and discussion. Two critical decisions guided management in our cohort. The extent of osseous injury was used to determine whether salvage efforts should be pursued in the first instance. If there was an unreconstructable bone defect, particularly with bone loss at the joint surface, then amputation would be advised. Where salvage was clinically appropriate, the anticipated level of functionality was used to inform the reconstructive modality. If a poor functional outcome was likely, simple techniques were used to achieve osseous union and wound coverage, such as external fixation, negative pressure therapy and split skin grafting, to mitigate the risk of iatrogenic complications related to further reconstructive procedures. If a good functional outcome was possible, then complex reconstruction, such as free tissue transfer, internal fixation and extensive antimicrobial therapy, was utilised. Surveillance cultures were obtained at the time of initial debridement according to the surgeon preference within 72 h of presentation to our unit. It must be reiterated that presence of infection did not influence the decision-making process for this patient cohort. The decision process map in [Figure 5](#f0030){ref-type="fig"} illustrates the treatment algorithm.Figure 5Treatment algorithm, for heavily contaminated wounds transferred from overseas in our cohort, used to guide the decision for salvage or amputation in the first instance and reconstructive modality in the second instance.Figure 5

Results {#s0025}
=======

Twenty patients were referred to our unit: 17 adults and three children, 15 males and five females. The average age was 34 years (range 6--65). Patients were transferred from 11 different countries: Bolivia, Libya, Nigeria, Turkey, Laos, Argentina, Thailand, Egypt, Greece, Senegal and Mauritius. Demographic and management modalities for all patients are outlined in [Table 1](#t0010){ref-type="table"}.Table 1Demographic and surgical management for all patients referred from overseas.Table 1PatientAge/sexReferring countryMechanism of injuryAnatomical defectAO soft tissue classification gradeOrthopaedic managementReconstructive managementComplications**1**22 FBoliviaRTAIIIBIO4BKAAmputation-**2**30 MLibyaGSWIIIBIO4BKAAmputation-**3**59 FNigeriaRTAOpen humeral fractureIO4AEAAmputation-**4**53 MNigeriaRTAIIIBIO4BKAAmputation-**5**23 MTurkeyRTAIIIBIO4BKAAmputation-**6**25 MLaosRTAIIIBIO3ORIFCR(ALT)-**7**13 FMauritiusPropeller (motor boat)IIIBIO4External fixationCR (LD)-**8**38 MArgentinaFallOpen humeral fractureIO4ORIFCR (ALT)-**9**65 MThailandRTAIIIBIO3External fixation (?)CR (RFF)-**10**6 FNigeriaGSWIIIBIO3External fixationCR (ALT)-**11**22 MEgyptBlast woundIIIBIO4External fixation (TSF)CR (ALT)Infectious non-union**12**53 FGreeceRTAOpen radial fractureIO4External fixation, ORIF/IC bone graftCR (ALT)-**13**42 MSenegalRTADegloving injuryIO3ORIFSRInfectious non-union**14**39 MLibyaGSWIIIBIO4External fixationSRInfectious non-union**15**32 MLibyaGSWIIIBIO4External fixationSR-**16**37 MLibyaGSWOpen humeral fractureIO3External fixation (TSF)SR-**17**37 MLibyaGSWOpen humeral fractureIO3External fixationSR-**18**33 MEgyptBlast woundIIIB + Open phalangeal fractureIO4External fixationSR-**19**38 MEgyptGSWIIICIO4External fixationSRInfectious non-union**20**25 MEgyptGSWOpen humeral fractureIO4External fixationSR-[^1]

Ten patients had sustained shrapnel and gunshot wound injuries. Eight patients were involved in road traffic accidents, one patient had a fall from height and one patient sustained a propeller injury in a speedboat accident.

Thirteen patients sustained lower limb injuries, six patients sustained upper limb injuries and one patient sustained both upper and lower limb injuries, both requiring surgical intervention. Open fractures of the lower extremity were the most common presenting injury within our cohort, with 12 patients presenting with a Gustillo IIIB injury and one with a Gustillo IIIC injury. The varying mechanisms of injury and the extent of surgical input within a patient\'s native country produced a heterogeneous cohort. The extent of the presenting injury demonstrated paralleled heterogeneity, with 10 (50%) patients sustaining peripheral nerve injury. Patients were followed up for an average of 16.9 months after surgical intervention (range 2--33) to establish definitive reconstructive outcomes.

Reconstructive outcomes {#s0030}
-----------------------

Eight patients had simple reconstruction, seven had complex reconstruction and five underwent amputation. The decision to perform simple reconstruction was taken when the chance of functional recovery was poor. This group tended to have a more delayed presentation (average 43.4 days). This sub-group generally required serial debridement and subsequent split skin graft to cover wounds. It is of note that one patient (patient 18) presented with a previously performed complex reconstruction with a latissimus dorsi flap following initial injury. Failure of this free flap necessitated presentation to our unit.

Complex reconstruction was performed if there was a good chance of functional recovery, which would justify the use of more extensive surgical techniques. This group tended to include patients with early injuries, averaging 20 days from the time of initial injury to presentation at our unit. Five patients required anterolateral thigh fasciocutaneous flap free tissue transfer, and the remaining two patients required latissimus dorsi myocutaneous and radial forearm flaps to achieve definitive wound closure.

The decision to amputate was taken because of the subjective MDT opinion of future poor functional prognosis conferred by the extent and severity of both soft tissue and bony injury. Prognostic limb scoring systems were not used to inform clinical management within our cohort. None were amputated because of uncontrolled infection. All amputations were performed after extensive discussion with the patients and preoperative planning with prosthetic services.

In the simple reconstruction group, five patients had healed and three patients had an infected non-union, which subsequently healed after prolonged antimicrobial treatment. Of the six patients in the complex reconstruction group, one patient had an infective relapse, which eventually healed with prolonged focused antibiotic therapy. All patients had infection-free fracture union on discharge. Patients in the amputation cohort demonstrated good functional outcomes at final follow-up.

Microbiological outcomes {#s0035}
------------------------

All wounds demonstrated poly-microbial contamination on initial sampling. The majority of the organisms cultured were gram negative; *Pseudomonas aeruginosa* was the most commonly cultured microorganism across all three treatment groups. High-energy penetrating injuries caused by blast and gunshot wounds demonstrated predominance of *Pseudomonas* sp. and *Acinetobacter baumannii*, both intrinsic multidrug resistant pathogens.[@bib0105] Low-energy injuries predominantly caused by road traffic collisions and falls demonstrated predominance of coagulase-negative *Staphylococcus* on microbial culture. The average duration of antibiotic treatment was 6 weeks, ranging from 2 to 24 weeks, with complex reconstruction cases requiring a more complex antimicrobial regime.

Discussion {#s0040}
==========

Clinical management of the traumatic extremity is multifaceted, and the decision to amputate or attempt limb salvage must be considered in view of the repeat hospitalisation, extensive complications and poor functional outcome that may ensue. Discordance between the decision to amputate or attempt salvage is long standing; however, delayed amputation is associated with poor functional outcomes, more surgical procedures and increased health-related costs.[@bib0110], [@bib0115] Huh et al. (2011) reported significantly higher incidence of deep wound infection, osteomyelitis and free flap failure in those undergoing late amputation in their cohort of lower extremity trauma sustained following combat-inflicted injury, concluding infectious complications and soft tissue injury as precursors to late amputation.[@bib0120]

Further work conducted by Burns et al (2012) correlated the extent of soft tissue injury with the degree of contamination, time to wound closure, definitive stabilisation and subsequent complications. Notably, a higher amputation rate was observed in patients with positive initial surveillance cultures. However, a predominance of *A. baumannii* was demonstrated in surveillance and infection cultures taken from type III fractures sustained following combat-related lower extremity injury.[@bib0060] As acknowledged by the authors, nosocomial transmission following prolonged hospital stay and multiple revision procedures coupled with the predominant nature of penetrating injuries may have affected the emergence of virulent microbial strains.

Our results demonstrate that reasonable outcomes can be achieved in extensive lower limb traumatic injuries sustained following both military- and civilian-type trauma despite extensive deep wound contamination. This experience led to the development of a decision process map, which outlines the management rationale used within our cohort. In the first instance, the decision to amputate or attempt limb salvage was based on the extent of bony damage, considering the wider psychosocial, social and resource implications of individual patients. Given the unique nature of patients in our cohort, the anticipated robustness of prosthetic services in the patients\' country of origin was utilised to temper expectations regarding acceptable functional outcomes. In such instances where native prosthetic services were presumed to be comparatively sub-optimal to the services provided in established healthcare systems and the extent of bony injury permitted a degree of functionality, limb salvage was pursued with the choice of reconstructive modality further guided by the anticipated functional outcomes. The presence of positive microbial cultures was not used as an indication for amputation in the first instance. Much of the current evidence base for the treatment of open extremity fractures stems from observations exclusively made in the civilian or military domain; the cohort described presents a challenge of poly-microbial infection and injury mechanisms seldom encountered by the civilian trauma team.

Further aspects of care must be considered in the management of such patients. Evacuation of injured overseas patients from geographically challenging and often hostile environments is a source of concern for both patients and the acute transfer team, with the importance of risk minimisation to both casualty and evaluation team previously emphasised.[@bib0125] The overseas patients transferred from conflict zones find themselves in a foreign environment, understandably traumatised, anxious and often with limb-threatening injuries that require urgent specialised treatment. Their concerns must equally be addressed as often they have unrealistic expectations, given the gravity of their injuries and the limitations in possible functional recovery, with cultural and language barriers adding additional barriers to communication.[@bib0130]

The receiving team faces complex and challenging open wounds with on-going contamination that often require revision. Delay in treatment can complicate salvage efforts through contamination of hardware and infection of autologous tissues.[@bib0120], [@bib0135] Our results have demonstrated that adequate antimicrobial treatment coupled with stratification of reconstructive technique based on likely functional recovery leads to optimal outcomes on a patient-specific basis. It must be reiterated that the decision to amputate the five cases in our series was taken because of the extent and severity of bony and soft tissue injury and associated poor chance of good functional recovery. Equally, amputation must not be considered a failed procedure, with injuries considered on an individual basis with treatment options tempered against likely subsequent functional outcomes.[@bib0140]

Our results must be considered in view of the study limitations. Notably, the cohort presented is small, with marked heterogeneity in the type of injury sustained, and there is a distinct lack of long-term follow-up data. Such limitations are inherent, given the unique nature of our patient cohort and the challenges associated with gathering adequate follow-up data after discharge of patients back to services in their country of origin.

Our experience of management of open extremity fracture patients transferred from overseas has been positive. This patient group presents the unique challenge of poly-microbial infection in addition to extensive traumatic wounds, akin to military-grade extremity trauma in certain cases. Favourable outcomes can be achieved despite positive microbiological findings on tissue culture, with adequate antimicrobial therapy in a civilian setting. The decision to salvage the limb should be based on the likely long-term functional outcome. The most important factor in this is the extent of bony injury. If limb salvage is advocated, the choice of either complex or simple reconstruction should be guided by anticipated functional recovery.
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[^1]: RTA = road traffic accident; GSW = gunshot wound; IIIB = Gustilo-Anderson grade IIIB fracture; IIIC = Gustilo-Anderson grade IIIC fracture; IO3 = AO soft tissue classification open skin lesion grade 3; IO4 = AO soft tissue classification open skin lesion grade 4; BKA = below knee amputation; AEA = above elbow amputation; ORIF = open reduction internal fixation; IC = iliac crest; CR = Complex reconstruction; SR = Simple reconstruction; ALT = Anterolateral thigh fasciocutaneous free flap; LD = latissimus dorsi myocutaneous free flap; RFF = radial forearm free flap.
